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It is an established fact in earthquake engineering that gravity is very important when structures, subjected
to strong ground motions, undergo large displacements. When yielding occurs, gravity becomes the dominant
force in causing the structure to collapse.

This thesis investigates the effects of gravity on the dynamic response of structures subjected to strong
ground motions. A nonlinear rigid body-spring method (RBSM) is presented and used to show how gravity
causes structures to collapse when subjected to a three-dimensional seismic wave. It is concluded that the
proposed method is capable of demonstrating various collapse behavior of typical wooden houses in Japan
during the 1995 Kobe earthquake. Results in the form of computer animations provide real-time assessment of
structural integrity and a way to identify the weak points of a structure. Attempts to reinforce wooden houses
sl{ow that the method is an innovative strategy for retrofitting.

Analytical building models which illustrate non-linear effécts caused by gravity are also presented.
Governing equations for the motion of flexure building and shear-flexural building subjected to lateral loads
and earthquake-induced ground motions are developed to take into account large displacements. Numerical
" time-stepping methods are proposed to solve the equations and analytical solutions are formulated to obtain
the response subject to small displacement approximations. With emphasis on elastic structures exhibiting
geometric nonlinearity, the natural frequencies of the building models are compared with their corresponding
models ignoring gravity, and frequency response curves are drawn to show how ground motion amplitude
affects the apparent natural frequency.

Numerical examples of the response of typical flexure buildings show that while small displacement
approximations predicts that gravity decreases the natural frequency of single-degree-of-freedom (SDOF)
elastic systems, exact solutions show that apparent natural frequency increases with ground motion amplitude.
The difference in the natural frequencies and responses of multi-degree-of-freedom (MDOF) flexure building

and the equivalent shear building is not only due to gravity but is also due to the geometry of the structure.



This study also investigates a more realistic representation of a building using a shear-flexural building which
can demonstrate the coupled effects of shear and flexural rigidity on the response. It is concluded that an
elastic SDOF shear-flexural building subjected to large amplitude harmonic ground motion exhibits motion
containing sub-harmonic components and increasing the amount of damping significantly decreases the higher
mode contribution on the response. Exact solution shows that the apparent natural frequency decreases with

the increase in ground motion amplitude.
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